Background: Errors in Breslow thickness reporting can give misclassification of T category, an important classifier in melanoma staging.
V ertical tumor (Breslow) thickness is the cornerstone for classifying cutaneous melanoma (CM) and the most important prognostic factor for clinically localized primary CM. 1, 2 Previous editions of the American Joint Committee of Cancer (AJCC) tumor staging manual implied thickness measurements recorded to the nearest 0.01 mm, while the new eighth edition explicitly states recording to the nearest 0.1 mm. 3 Recently, Ge et al 4 noted imprecision in Breslow thickness measurements and the phenomenon of terminal digit bias as a reason for abnormal clustering in Australian thickness data. 4 Moreover, substantial numbers of thin CMs with terminal digits 0 and 5 were found in a recent Surveillance, Epidemiology and End Results (SEER) registry study. 5 Overrepresentation of certain numbers because of strong preference is not a new phenomenon in pathology 6, 7 or other areas of medicine. [8] [9] [10] Yet, except for the Australian study, 4 this kind of observer error has not been investigated for CM.
Breslow thickness is the primary determinant of T category in the AJCC tumor, node, metastasis staging system. 11 T category forms basis for assessment of CM status at the specific time, estimates of prognosis, recommendations for minimal excision margins, whether sentinel node dissection is routinely offered, and the frequency and extent of follow-up examinations. 2, 12 Imprecision in reporting of Breslow thickness has a significant impact on patient management.
Breslow thickness has been recorded on a national basis in Norway since 2008, and national guidelines have advised thickness reported in mm to 1 decimal point. 13 The aim of this study was to investigate precision (ie, the reported number of digits after the decimal point) and occurrence of terminal digit clustering in Breslow thickness of primary CMs diagnosed between 2008 and 2015, and to estimate the underlying Breslow thickness density distribution to quantify the potential misclassification of T category.
METHODS

Data sources
The Extracting data from cancer-specific registries and working with deidentified data is regulated by the law of health registries. No further ethical approval is needed to describe these data.
Variables
Norwegian guidelines (2008-2015) advised thickness measured (in mm) on histologic hematoxylin-eosinestained sections (preferably by micrometer-equipped microscope), reported to 1 decimal point. 13 It was assessed by the vertical distance from the granular layer of the epidermis (or if the surface is ulcerated, from the base of the ulcer) to the deepest dermal (invasive) tumor cell. Thickness is recorded in the NMMR with the same number of digits as in the pathologist report.
We We categorized age (\50, 50-69, and $70 years) and residential municipality at the time of diagnosis (Southeastern, Western, Central, and Northern Norway Health Authority 
Statistical analysis
Descriptive results are presented as medians (minimum to maximum or 25th to 75th percentiles), frequencies (%), and histograms of frequency distributions. Patients were grouped according to the number of digits after the decimal point of Breslow thickness reported to the NMMR (0, 1, or 2 digits).
CAPSULE SUMMARY d
Terminal digit preference with abnormal clustering of Breslow thickness data has been reported from Australia. Pathologists, clinicians, and epidemiologists should take into account that clustering around T category cut points can impact melanoma staging with consequent effect on patient management and prognosis.
One-way analysis of variance was used to test differences in Breslow thickness (log e transformed) between the 3 groups, and the chi-square test was used to test differences in other characteristics.
To study T-category misclassification, we estimated the underlying density distribution of Breslow thickness by the Wang method 15, 16 (using generalized lambda distribution, bin size 0.1 mm; R package bda, version 5.1.6 17 ) assuming no systematic measurement bias. This method of smoothing the observed distribution was recently used to study terminal digit preference bias in colorectal polyp size measurements. 7 The Breslow thickness distribution is highly skewed to the right, with few observations in the long tail. We therefore performed the method on 2 limited intervals, CMs #10 mm and CMs #5 mm, to illustrate the uncertainty of the results. CMs reported with 2 digits after the decimal place were excluded (because they were used mainly for thin CMs). Expected numbers and difference between observed and expected numbers were estimated for each T category.
We explored the Breslow thickness frequency distribution stratified by ulceration because thickness may be underestimated in ulcerated lesions. 1 
RESULTS
Between 2008 and 2015, 13,386 Norwegians were diagnosed with a morphologically verified first primary invasive CM. The mean age at diagnosis was 62.8 years of age (range, 2-98 years of age). Breslow thickness was recorded for 13,057 (97.5%) of these patients (6470 men and 6587 women) with a median of 1.0 mm (range, 0.09-85 mm). Thickness was reported to 1 decimal place for 10,211 of the patients (78.2%; range, 0.1-25.5 mm) but also as whole numbers (n = 2032, 15.6%; range, 1-85 mm) and with 2 digits after the decimal point (n = 814, 6.2%; range, 0.09-11.01 mm).
Thin tumors were reported with more precision than thicker tumors (P \ .001; Table I ). Whole number reporting decreased by calendar year in parallel with increased reporting with 1 (and 2) digits after the decimal point (P \ .001). Whole numbers were more frequent in men than women, in older patients, in the Central Norway Health Authority, for head/neck and ''other'' localization, for nodular NMs and ''other'' morphology, for T4s and for ulcerated CMs, and for CMs with no information on ulceration (P \.001 for all; Table I) . Fig 1 shows the distribution of Breslow thickness for tumors #10 mm in the total population and in the subsamples with 0, 1, and 2 digits after the decimal point, and displays high frequencies of the whole values of 1.0 to 10.0 mm (ie, 1.0, 2.0, 3.0, etc) and half-point values ranging from 0.5 to 9.5 mm (ie, 0.5, 1.5, 2.5, etc). Around the peaks, drops are found for thicknesses ending in 1, 4, 6, and 9. Fig 2 focuses on the distribution in the interval 0 to 1.5 mm, displaying high frequencies of the terminal digit 5, especially among those reported with 2 digits after the decimal point (Fig 2, D) . Fig 3, A and B show histograms of the terminal digits when thickness was reported with 1 and 2 digits after the decimal point, respectively, in the total sample. Five was the dominating terminal digit, and the terminal digit 1 was reported in lower frequencies than other terminal digits. A corresponding drop in frequency was seen for the terminal digit 9 when thickness was reported to 1 decimal place (Fig 3, A) .
The use of the terminal digits 0 and 5 increased with increasing thickness. In the intervals 0.3 to 0.7 and 0.8 to 1.2, 27% to 28% were reported as 0.5 and 1.0, respectively, while 69.2% were 9.5 in the interval 9.3 to 9.7 and 97.4% were 10.0 in the interval 9.8 to 10.2 (Supplemental Table I , available at http://www. jaad.org). Table II shows the results of fitting the smoothing model to Breslow thickness data of CMs #10 mm and CMs #5 mm. Terminal digit clustering increased the proportion of patients classified with T1 and T4 tumors and decreased the proportions classified with T2 and T3 tumors.
Clustering at 0.5-mm intervals was evident both in absence and presence of ulceration (Fig 4; 
DISCUSSION
In this national study of Breslow thickness data, thin tumors were reported with more precision than thicker tumors. Reporting of thickness to the nearest 0.1-mm increased by calendar year. Terminal digit clustering was found with marked peaks in the observed frequency distribution for terminal digits 0 and 5, and with drops around these peaks. Smoothing of the observed Breslow thickness distribution demonstrated that terminal digit clustering increased proportions of tumors classified as T1 and T4, and decreased proportions of tumors classified as T2 and T3. Clustering at 0.5-mm intervals was evident both in absence and presence of ulceration.
In this large dataset, all P values were #.010 when comparing characteristics of patients categorized according to the number of digits after the decimal point in reported thickness. Reporting with more 19 ), in head/neck CMs, 20 in NMs versus superficial spreading melanomas, in T4s versus T1s, and in ulcerated versus nonulcerated CMs.
Norwegian guidelines in the period of our data explicitly advised reporting in millimeters to 1 decimal point, 13 and was followed for 78.2% of the lesions. The lower bars for lesions with terminal digit 0 as compared to terminal digit 5 in lesions reported with 1 or 2 digits after the decimal point (Figs 1, C and D, 2, C and D, and 3, A and B) demonstrated that fewer digits were reported when the terminal digit was 0. Importantly, the eighth edition of the AJCC staging system described the convention for rounding decimal values and stated recording to the nearest 0.1 mm, and not 0.01 mm, because of measurement impracticality and imprecision. 21 Substantial clustering at 0.5-mm intervals is likely caused by preferences in reporting. Our findings are in line with the findings from 2 Australian registries  (2003-2013) , where no biological plausible basis was found for the clustering. 4 We know of no specific events in the past that may have resulted in a frequency distribution with such clear peaks. When the Australian group remeasured 125 invasive CMs (diagnosed in 1993-2013) with a reported thickness of 0.9 to 1.1 mm, the clustering at 0.9, 1.0, and 1.1 mm disappeared. 4 Therefore, a smooth true distribution is reasonable. The drops found in our data for thicknesses ending in 1, 4, 6, and 9 support the conclusion that the peaks at 0.5-mm intervals include misclassified cases from the neighboring values. Terminal digit preference was reported previously for a variety of measurements. [6] [7] [8] [9] [10] [22] [23] [24] Smoothing of the observed frequency distribution cannot accurately model the true underlying distribution, and gives misclassification on the group level and not for each specific patient. The estimated distribution (and thereby the expected number in each T category) will depend on the choice of statistical method. Unfortunately, statistical methods for estimating terminal digit preference are relatively underdeveloped. 7 The long tail of the distribution is challenging and the choice of interval length may influence the results. Therefore, we applied the smoothing to CMs #10 mm and #5 mm, with similar conclusions. In the latter case, the long tail was less J AM ACAD DERMATOL captured giving a larger difference between observed and expected for T4 tumors than when truncated at 10 mm.
Fitting a smoothing model to the data revealed important alterations of staging, consistent with the Australian finding: the number of CMs classified as T1 was too high and the number of T2s too low. 4 Moreover, we found that the number of T4s was too high and the number of T3s too low. Clinical implications, even of errors of 0.1 mm, may be significant. Tumor thickness is an important predictor in prognostic tools used to individualize prognostication and facilitate clinical decision making. 25 Thickness forms basis for primary treatment (minimal excision margins, sentinel node dissection), frequency and extent of follow-up examinations and responsibility during follow-up (dermatologist or general practitioner). 2, 12, 13 Finally, T category is used to study the importance of prognostic factors and stage specific survival. Thickness may be underestimated in ulcerated lesions.
1 Clustering at 0.5-mm intervals was evident both in the absence and presence of ulceration. Ulceration was not addressed in the Australian study. 4 Mandatory reporting from independent sources (hospitals, laboratories, general practitioners, and the Cause of Death Registry) to the CRN ensures completeness and high quality data. 18 After 2000, 29 One possible explanation for the lower proportion of missing data in our study may be that we included only CMs that were morphologically verified by a pathologist. Lack of information may result from incomplete diagnostic procedures in cases with thick tumors. In summary, the national guideline of reporting Breslow thickness to 1 decimal point was followed for 78% of CMs. Our findings elucidate the need of more detailed guidelines of precision in reporting, as outlined in the new AJCC staging manual. 21 The results add materially to the limited evidence that terminal digit preference is an underrecognized source of error leading to over-or underestimation of actual Breslow thickness. The observed frequent reports of 1.0, 2.0, and 4.0 mm have consequences for T categorization and thereby the communication of CM stage and prognosis at the specific time and for patient management. These observations are important for pathologists, clinicians, and epidemiologists. 
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